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1

AIR VARIABLE CAPACITOR COMPRISING
AN INTERDIGITAL MOBILE COMB AND
FIXED COMB, ACCELEROMETER AND
GYROMETER COMPRISING SUCH A
CAPACITOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119 from
French Patent Application No. 0739751 filed on Dec. 11,

2007 1n the French Patent Office, the entire disclosure of
which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to the field of variable capaci-
tors comprising two combs with interdigital teeth, and more
particularly to the field of capacitors wherein the air-gap
varies under the effect of a movement of the teeth of the
mobile comb 1n a direction perpendicular to the main axis of
said teeth.

The invention has an application particularly in miniatur-
1zed accelerometers and gyrometers.

BACKGROUND OF THE INVENTION

A capacitor with a variable capacitance, used 1n a minia-
turized accelerometer or a gyrometer, comprises a mobile
comb and a fixed comb. The teeth of these combs are inter-
digital and together form a capacitance whereot the air-gap
varies according to the movement of the mobile comb 1n a
direction perpendicular to the main axis, or “longitudinal™
axis, ol the teeth, and whereot the opposite surfaces have a
constant area. A measurement and control device 1s moreover
connected to the mobile and fixed combs to measure the
capacitance that they form together and, by means of a feed-
back loop, to control the position of the mobile comb at a
central position.

It1s commonly observed that each of the teeth ol the mobile
comb has a natural vibration mode and 1s capable of resonat-
ing with the neighboring teeth when the teeth of the mobile
comb are subject to a movement 1n a direction perpendicular
to their axis (referred to as the transverse direction). When the
teeth of the mobile comb vibrate together (referred to as
“transverse resonance mode” ol the mobile comb), the
capacitor oiten becomes unusable due to the noise generated
by this vibration. Moreover, the position control of the mobile
comb may become unstable, and the teeth are weakened due
to the high bending forces that they undergo.

To overcome such drawbacks, documents FR-A-2 858 853
and FR-A-2 858 854 disclose combs of which the teeth, all
identical, have a cross section of vaniable width along their
longitudinal axis, and a particular choice of a closed loop for
position control. The transverse resonance mode of the
mobile comb 1s thus positioned 1n a zone characterized by a
substantially zero gain of the closed loop. Through an appro-
priate choice thereot, this zone 1s furthermore located outside
the range of usetul frequencies of the capacitor, so that the
entry of the teeth of the mobile comb 1nto resonance does not
significantly disturb the measurement of the capacitance
formed by the combs.

However, since the teeth of the mobile comb are always
identical, the transverse resonance mode of the mobile comb
1s not eliminated as such. The teeth of the mobile comb are
therefore still subject to high bending forces that may weaken
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them. Moreover, the geometry proposed by the documents
mentioned above gives rise to larger teeth and consequently a
lower grade capacitor.

SUMMARY OF THE INVENTION

It 1s the object of the present invention to solve the above-
mentioned problem by proposing a capacitor with a variable
capacitance of which the transverse resonance mode of the
mobile comb 1s attenuated, thereby avoiding the noise, the
position control instability and the weakening of the teeth.

For this purpose, the mnvention relates to a capacitor with
variable air-gap, comprising a mobile comb and a fixed comb,
cach of the combs comprising a body, teeth having ends fixed
to the body and free ends, the teeth of the mobile and fixed
combs being interdigital, the air-gap of said capacitor being
adjustable by the transverse movement of the teeth of the
mobile comb.

According to the ivention, the teeth of the mobile comb
have geometric differences between one another, 1n order to
attenuate the transverse resonance modes of the mobile comb.

In other words, this mvolves an energy uncoupling of the
teeth of the mobile comb. In fact, the teeth vibrate together
owing to the equality of their self-resonant frequencies.
Accordingly, when the teeth have geometric differences
between one another, their natural frequencies are no longer
identical and the resonance mode of the comb i1s thereby
attenuated.

Furthermore, 1t 1s observed that 1t 1s unnecessary to modify
the position control to take account of the geometric differ-
ences of the mobile comb. The control laws of the prior art can
thus be used with a capacitor of the invention.

According to particular embodiments of the invention, the
capacitor comprises one or more of the following features.

The teeth of the comb have differences in length, width
and/or shape between one another.

In other words, the energy uncoupling of the teeth 1s pro-
vided by the in-plane geometric differences of the comb. The
tabrication of the comb, by chemical attack for example, 1s
thereby facilitated by the use of an appropriate mask.

A natural resonance frequency of a tooth of the mobile
comb differs from those of the neighboring teeth by at least
one percent.

In other words, the 1nventors have observed that a differ-
ence of one percent between the self-resonant frequencies of
neighboring teeth of the mobile comb has the effect of sub-
stantially canceling the resonance mode thereof.

The layout of the teeth of the mobile comb has blocks of
substantially identical teeth. In particular, the free ends of the
teeth of the mobile comb form a linear layout 1n pieces such
as a herringbone layout or a V layout for example.

In other words, it 1s unnecessary for all the teeth to be
different. Groups of identical teeth can thus be considered
while ensuring an attenuation or an effective cancellation of
the resonance mode of the mobile comb. The fabrication of
the capacitor 1s thereby facilitated and the mobile comb 1s
more compact.

The free ends of the teeth of the mobile comb form a
pseudo-random layout.

In other words, by selecting a pseudo-random pattern, it 1s
guaranteed with a very high probability that all the teeth of the
mobile comb are diflerent so as to cancel the resonance mode
thereof. In fact, with groups of identical teeth, an energy
coupling may subsist between distant teeth. The resonance
mode, albeit attenuated may theretfore still exist, even though,
in practice 1t 1s observed that such a coupling 1s too weak to
generate a noise that 1s detrimental to the target applications.
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The teeth of the fixed comb are substantially identical to the
teeth of the mobile comb.

Thus, by selecting a fixed comb substantially 1dentical to
the mobile comb, the capacitor 1s more compact.

The invention also relates to an accelerometer and a
gyrometer comprising a capacitor of the abovementioned

type.
BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be better understood from a reading of
the description that follows, provided exclusively as an
example, and 1n conjunction with the appended drawings, 1n
which identical referenced numerals denote 1dentical or simi-
lar elements, and in which:

FIG. 1 1s a schematic view of a first capacitor of the prior
art;

FI1G. 2 1s a plot illustrating a resonance mode of the capaci-
tor 1n FIG. 1;

FIG. 3 1s a first embodiment of a capacitor according to the
invention;

FI1G. 4 1s aplotillustrating the absence of a resonance mode
of the capacitor in FIG. 3;

FI1G. 5 1s a second embodiment of a capacitor according to
the invention;

FI1G. 6 15 aplotillustrating the absence of a resonance mode
of the capacitor 1n FIG. 5;

FI1G. 7 1s athird embodiment of a capacitor according to the
invention;

FI1G. 8 1s aplotillustrating the absence of a resonance mode
of the capacitor 1n FIG. 7;

FI1G. 9 1s a schematic view of a second capacitor of the prior
art to which the invention applies.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows, under the general reference numeral 10, a
capacitor of the prior art with a variable air-gap and whereof
the opposite surfaces have a constant area, as described in
document FR-A-2 700 012.

The capacitor 10, used here 1n an accelerometer, comprises
two fixed combs 12, 14, and two mobile combs 16, 18, a
mobile comb being interdigital with a fixed comb.

The fixed combs 12, 14 comprise a single body 20, for
example formed from a silicon substrate layer, and teeth 24,
26 of which the ends are fixed to the body 20 by means of
anchoring points 28, 30.

Each mobile comb 16, 18 comprises teeth 32, 34 of which
the ends are fixed to a single mobile mass 38. The mobile
mass 38 1s fixed to a deformable frame 40, which 1s itself fixed
to the body 22 by anchoring points 42. The portions of frame
40 parallel to the teeth also provide a spring function.

Under the effect of an acceleration in the direction of the
arrows F, that 1s, 1n a direction substantially perpendicular to
the axis of the teeth 32, 34, or “transverse” movement, the
mobile mass 38 1s actuated to move 1n this direction. The
spacing between the teeth of the mobile combs and the teeth
of the fixed combs, and hence the air-gap and 1n consequence
the capacitance formed between the iterdigital mobile and
fixed combs, thus varies according to the acceleration under-
gone. It may be observed that the opposite surfaces of the
teeth 32, 34 of the mobile comb remain i1dentical during the
transverse movement thereof.

For turther details on the layout and operation of this accel-
erometer, reference can be made to the abovementioned
document.
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In the example of the prior art 1llustrated here, the teeth 32,
34 of the mobile combs 16, 18 are substantially identical. A
transverse resonance mode of each mobile comb 16, 18 1s
thus observed. For example, in the case of a mobile comb
formed of teeth having a length of 500 microns, a transverse
resonance mode 1s present at above 40 kHz, as illustrated in
FIG. 2. To measure such a transverse resonance mode, a
sinusoidal voltage 1s applied to the ends of the mobile comb,
for example at terminals A and B of the mobile mass 38, by
varying the frequency thereol by a predefined step.

FIG. 3 shows a first embodiment of a capacitor according to
the imvention. This embodiment 1s identical to the one 1n FIG.
1, with the sole difference that the length of the teeth 50, 52 of
the mobile combs 16, 18 differ from one next to the other.
More particularly, the free ends of the teeth 50, 52 of each
mobile comb 16, 18 form a V layout, the length of a tooth
varying by at least 3 microns from the length of the neighbor-
ing teeth. As shown 1n FIG. 4, the transverse resonance mode
of the mobile comb 14, 16 has substantially disappeared.

FIG. 5 shows a second embodiment 1n which the free ends
of the teeth 54, 56 of each mobile comb 14, 16 form a her-
ringbone layout, the length of one tooth varying by at least 3
microns from the length of the neighboring teeth. Here also,
as shown 1n FIG. 6, the transverse resonance mode of the
mobile comb 14, 16 has substantially disappeared.

FIG. 7 shows a third embodiment 1n which the length of the
teeth 58, 60 of each mobile comb 14, 16 varies pseudo-
randomly 1n the range from 449 microns to 551 microns, with
a difference of at least 3 microns between two neighboring
teeth. Here also, as shown 1n FIG. 8, the transverse resonance
mode of the mobile comb 14 and 16 has substantially disap-
peared.

In general, the mventors have observed that a geometric
difference, like a difference in length, width or shape,
between the neighboring teeth of a mobile comb, correspond-
ing to a difference of at least 1 percent of their natural vibra-
tion frequency, substantially cancels the transverse resonance
mode of the mobile comb.

It 1s obviously understandable that a wide range ol possible
embodiments of the mvention exists. According to the tech-
nological limitations of fabrication for example, one or
another of the geometric differences may be preferred. To
design a comb according to the invention, a trial and error
approach may be applied. For example, a mobile comb hav-
ing geometric differences among its teeth 1s designed. Then,
to determine whether the geometric differences between the
teeth of this comb are suificient to cancel or attenuate the
transverse resonance mode, an A.C. voltage 1s for example
applied to the terminals of the comb with a variable fre-
quency. If the transverse resonance mode 1s still present, 1t
will thus be excited. It then remains to modify the design of
the mobile comb, for example by accentuating the amplitude
of the geometric differences between 1ts teeth.

The inventors have also observed that 1t 1s unnecessary for
the teeth of amobile comb to be all different from one another.
Thus for example, as shown 1n FIGS. 3 and 5, the mobile
comb may have blocks of identical teeth while attenuating or
substantially canceling the transverse resonance mode. Pro-
viding blocks of identical teeth thereby facilitates the fabri-
cation of the comb.

It 1s also understandable that the invention applies to any
type of air variable capacitor of which the opposite surfaces
have a constant area, comprising at least one interdigital
mobile comb and one fixed comb. For example, the invention
applies to a capacitor 70 as shown 1 FIG. 9, 1n which the
mobile and fixed combs comprise the same number of teeth.
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The invention also has an application in the field of accel-
erometers and gyrometers.

I claim:
1. A capacitor with variable air-gap, the capacitor compris-
ng:
a mobile comb and a fixed comb,
cach of the combs comprising a body and a plurality of
teeth,
cach of the teeth of the mobile comb having an axis
parallel to adjacent teeth of the mobile comb,
cach of the teeth of the mobile comb having an end fixed
to the body of the mobile comb and a free end,
the teeth of the mobile and fixed combs being interdigi-
tal,
an air-gap of said capacitor varies according to a movement
of the mobile comb perpendicular to the axis of the teeth
of the mobile comb,
wherein the teeth of the mobile comb have geometric dif-
ferences between one another, in order to attenuate
transverse resonance modes of the mobile comb.
2. The capacitor as claimed 1n claim 1, wherein the teeth of

the mobile comb have differences in length, width and/or
shape between one another.
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3. The capacitor as claimed in claim 2, wherein a natural
resonance frequency of each tooth of the mobile comb differs
from those ol neighboring teeth of the mobile comb by at least
one percent.

4. The capacitor as claimed in claim 1, wherein the layout
of the teeth of the mobile comb has blocks of substantially
identical teeth.

5. The capacitor as claimed in claim 2, wherein the free
ends of the teeth of the mobile comb form a linear layout 1n
pieces.

6. The capacitor as claimed 1n claim 3, wherein the free
ends of the teeth of the mobile comb form a herringbone
layout.

7. The capacitor as claimed in claim 5, wherein the free
ends of the teeth of the mobile comb form a V layout.

8. The capacitor as claimed in claim 2, wherein the free
ends of the teeth of the mobile comb form a pseudo-random
layout.

9. The capacitor as claimed in claim 2, wherein the teeth of
the fixed comb are substantially identical to the teeth of the
mobile comb.

10. An accelerometer comprising a capacitor as claimed in
claim 2.

11. A gyrometer comprising a capacitor as claimed in claim
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